Model Predictive Control of Sewer Networks by Pedersen, Einar B. et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 18, 2017
Model Predictive Control of Sewer Networks
Pedersen, Einar B.; Herbertsson, Hannes R. ; Niemann, Hans Henrik; Poulsen, Niels Kjølstad; Falk, Anne
K.V.
Published in:
Journal of Physics: Conference Series (Online)
Link to article, DOI:
10.1088/1742-6596/783/1/012026
Publication date:
2016
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Pedersen, E. B., Herbertsson, H. R., Niemann, H., Poulsen, N. K., & Falk, A. K. V. (2016). Model Predictive
Control of Sewer Networks. Journal of Physics: Conference Series (Online), 783, [012026]. DOI: 10.1088/1742-
6596/783/1/012026
This content has been downloaded from IOPscience. Please scroll down to see the full text.
Download details:
IP Address: 192.38.89.61
This content was downloaded on 20/01/2017 at 16:27
Please note that terms and conditions apply.
Model Predictive Control of Sewer Networks
View the table of contents for this issue, or go to the journal homepage for more
2017 J. Phys.: Conf. Ser. 783 012026
(http://iopscience.iop.org/1742-6596/783/1/012026)
Home Search Collections Journals About Contact us My IOPscience
You may also be interested in:
Health-aware Model Predictive Control of Pasteurization Plant
Fatemeh Karimi Pour, Vicenç Puig and Carlos Ocampo-Martinez
Model Predictive Control considering Reachable Range of Wheels for Leg / Wheel Mobile Robots
Naito Suzuki, Kenichiro Nonaka and Kazuma Sekiguchi
European Workshop on Advanced Control and Diagnosis
Horst Schulte and Sören Georg
Model predictive control of a wind turbine modelled in Simpack
U Jassmann, J Berroth, D Matzke et al.
Model predictive hydrodynamic regulation of microflows
Leonidas G Bleris, Jesus G Garcia, Mark G Arnold et al.
Hysteresis-reduced dynamic displacement control of piezoceramic stack actuators using model
predictive sliding mode control
Byeongil Kim, Gregory N Washington and Hwan-Sik Yoon
Implementation of model predictive control for resistive wall mode stabilization on EXTRAP T2R
A C Setiadi, P R Brunsell and L Frassinetti
A receding horizon scheme for discrete-time polytopic linear parameter varying systems in networked
architectures
Giuseppe Franzè, Walter Lucia and Francesco Tedesco
Improved model predictive control of resistive wall modes by error field estimator in EXTRAP T2R
A C Setiadi, P R Brunsell and L Frassinetti
Model Predictive Control of Sewer Networks
Einar B. Pedersen2, Hannes R. Herbertsson2, Henrik Niemann1,2,
Niels K. Poulsen3 and Anne K.V. Falk4
2Dept. of Electrical Engineering and 3Dept. of Applied Math. and Compures Science
Technical University of Denmark, DK 2800 Kgs. Lyngby, Denmark
4DHI, Agern Alle 5, DK-2970 Hørsholm, Denmark
E-mail: einarbp@mazterinn.com, hannesh08@gmail.com, hhn@elektro.dtu.dk,
nkpo@dtu.dk, akf@dhigroup.com
Abstract. The developments in solutions for management of urban drainage are of vital im-
portance, as the amount of sewer water from urban areas continues to increase due to the
increase of the world’s population and the change in the climate conditions. How a sewer net-
work is structured, monitored and controlled have thus become essential factors for efficient
performance of waste water treatment plants.
This paper examines methods for simplified modelling and controlling a sewer network. A
practical approach to the problem is used by analysing simplified design model, which is based
on the Barcelona benchmark model. Due to the inherent constraints the applied approach is
based on Model Predictive Control.
Keywords: Sewer network, modelling, model predictive control, simulations.
1. Introduction
Controlling sewer networks is a demanding and necessary task in modern society, that prevents
property damages, accidents and more importantly reduces the risk of environmental pollution.
Therefore, it is important to manage the sewage water to wastewater treatment plants (WWTPs)
as efficiently as possible. Inadequate or no treatment of sewage water can have a major impact
on biodiversity in rivers, lakes and the sea, where harmful bacteria and toxic chemicals that are
carried by the sewage water, can cause serious health problems and even lead to more deadly
epidemic outbreaks such as malaria. Many cities have combined sewer systems and the need for
efficient control of sewer networks is going to increase, especially according to some predictions
stating that by the year 2050, 80% of the world’s population will be living in urban areas [14].
Sewer networks are considered complex systems, as they are geographically distributed and
structured for the collection of sewage and run-off water. Usually, sewer systems are divided
into two categories: separate or combined. The separate sewer system uses different pipelines
for sewage and run-off water, while in the combined sewer system, sewage and run-off water
are mixed together in the same pipeline. Whereas, the separate sewer system directs sewage
1 Coorsponding author: Henrik Niemann
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water to a WWTP, the run-off water is released into the environment, treated or untreated, then
the combined sewer system, sewage and run-off water are both transported to a WWTP. As
sewage water is considered to be more contaminated than run-off water, consequences become
more severe when an overflow situation occurs in the combined sewer system, as the risk of
contaminated water escaping into the environment is higher. Rainstorms are considered the main
influencing factor that cause combined sewer systems to overflow. Therefore, minimizing overflow
situations in combined sewer system is a more demanding procedure than for the separate
system, making the overall control problem more difficult to manage [16]. In general, waste
water is categorized as originating from households, industry and sewage, while run-off water
arise when rainfalls occurs. The main purpose of WWTPs, is to purify as much contaminated
water as possible, before releasing it back into the environment. Thus, the number of treatment
plants needed for a specific sewer network is dependent on the quantity of waste water in the
plants’ districts and their maximum inflow capacity. This issue is most commonly addressed by
controlling flow rates of sewer pipes to maximize treatment plant performance. Furthermore,
pipelines are limited by their dimensions and therefore flow quantities need to be controlled
within boundary limits of the pipes, by manipulating the flow rates in the pipes.
The focus in this paper is to study the Barcelona sewer network system with respect to control
it. A benchmark model of the Barcelona sewer network has been developed by Ocampo-Martnez
[9], [11]. Based on this benchmark model, the system is controlled by using Model Predictive
Control (MPC). The main reason for choosing the MPC method as the control strategy for the
sewer network, relies on its unique ability to include boundary constraints in the optimization
procedures for MIMO systems. Further, it is also possible to include prediction of the water
inflow from rainfall in the control optimization. The control objectives for system performance
are:
• Minimize flooding to streets.
• Maximize the waste water treatment plant/plants (less pollution to the environment)
For satisfying the the above performance conditions, a MPC problem is formulated with both
hard and soft constraints. Hard constraints are used for flows in pipes and levels in the tanks.
Soft constraints are used for flooding in streets and flooding to the sea. Simulation with both
know and unknown inflow from rainfall is shown in this paper. (The results presented in this
paper is based on the work in [13].)
The rest of the paper is organized as follows. In Section 2, the modelling of the single elements
in a sewer network is presented. A sewer network model is given in Section 3. The model is
based on the virtual tank method. Section 4 show a number of simulation results followed by a
conclusion in Section 5.
2. System modelling
Modelling methods are analyzed in this section, in order to find a simple sewer network approach
that is applicable to the objectives in this paper. The literature and research material presented
in this section is mostly based on Marinaki & Papageorgiou [8], Martnez [9], [11] and in Duran
[4]. A suitable modelling method will be selected, which will be used for ongoing analysis.
2.1. The Saint Venant Equations
The most general approach when modelling a sewer network, is to use the Saint Venant nonlinear
partial differential equations. Assuming that the movement of water is one dimensional, the water
flow can be represented as an open channel where the distribution of pressure is hydrostatic, the
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sewer pipes’ cross-sectional areas are constant with a uniform velocity over the cross-section, the
flow is incompressible and the average slope in the channel is small, [3].
The general Saint Venant equations are given as:
∂q(x, t)
∂x
+
∂A(x, t)
∂t
= 0 (1)
∂q(x, t)
∂t︸ ︷︷ ︸
1
+
∂
∂x
q(x, t)2
A(x, t)︸ ︷︷ ︸
2
+ g A(x, t)
∂h(x, t)
∂x︸ ︷︷ ︸
3
− g A(x, t) (I0(x)− If (x, t))︸ ︷︷ ︸
4
= 0 (2)
Eq. (1) expresses mass conservation equation. Moreover, the numbered terms in the momentum
equation given in eq. (2), describe the following physical quantities, [12]: 1 - Inertia, 2 -
Advection, 3 - Gravitational force and 4 - Friction force. The other symbols in eqs. (1) and
(2) are as follows: q(x, t) is the flow, A(x, t) is the cross-sectional area of the pipe, t is the time,
x is the spatial variable measured in the direction of the sewage flow, g is the gravitational
acceleration, I0(x) is the sewer pipe slope and If (x, t) is the friction slope.
Modelling methods for simplified models of sewer networks/channels that include the theoretical
basis of the Saint Venant equations are introduced and examined in this section. There exist
a number of different model types. The must used models are: The Virtual Tank Model, [8],
that are used in this paper, The Hybrid Linear delayed Model described in [4], The Muskingum
Model described in [4, 1], The Integrator Delay Model described in [10] and The Integrator Delay
Model with Zero introduced in [6, 5].
2.2. Sewer Network Components
The main elements in a sewer network is introduced in the following.
Virtual Tanks The virtual tanks are often referred to as catchments, where volume quantities
from numerous pipelines are collected together in certain areas. This simplification reduces the
amount of system variables significantly. The schematic of a virtual tank component is provided
in Figure 1, showing the characteristics and associated parameters.
Figure 1. Schematic of virtual tank component (left) and a real tank component (right).
Discretization methods are applied on the Saint Venant equations to obtain a discrete time linear
expression for the stored volume in the virtual tanks, [4]. The discrete time difference equation
of the virtual tank is presented in eq. (3).
v(k + 1) = v(k) + Ts(qin(k)− qout(k)− qover(k)) (3)
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The stored volume is denoted as v, the inflow given as qin, the outflow as qout,, the overflow as
qover and the sampling time as Ts. The inflow to the virtual tank is calculated as:
qin,j(k) = qin,1(k) + qin,2(k)+, · · · ,+qin,n(k), for j = 1, 2, . . . , n (4)
The outflow from the virtual tank is then expressed as:
qout(k) = βv(k) (5)
The outflow equation can also be obtained for the nonlinear system, where the relation between
them is: qout(k) = β¯
√
v(k).
Real Tanks Real tanks are actual water containers, which serve an important role within a
sewer network, where they can be used as buffers to produce a slack behavior within the system.
The inflow and outflow of the tanks can be controlled in order to reduce the risk of overflow
and to maximize the performance of a WWTP. A schematic of the real tank and associated
components, are presented in Figure 1. The discrete time difference equation that describes the
volume conservation for the real tank, is presented in eq. (6),
vr(k + 1) = vr(k) + Ts(qin,2(k)− qout,3(k)− qover(k)) (6)
where the inflow, qin,2, is controlled by using a redirection gate, while the retention gate is used
to control the outflow, qout,3.
Rainfall A rainfall is regarded as the most influential factor that affects a sewer network, where
the estimated run-off water from rainfalls are assumed to be a disturbance factor that enters the
system, as presented in eq. (7).
d(k) = SϕIt(k) (7)
where S, denotes the surface area of the catchment, ϕ, the ground absorption coefficient and
It, the rain intensity. The absorption factor needs to be derived for each catchment due to the
rainfall water that is absorbed by the ground and is based on a real data measurements, further
explained in [15].
Gates Two types of gates are introduced in this section, referred to as the redirection and
retention gates.
Redirection Gates is used to control the inflow rates to connected pipes by changing the direction
of the flow through the gate, as eq. (8) illustrates.
qin(k) = qout,1(k) + qout,2(k) (8)
q
out,i
≤ qout,i(k) ≤ qout,i for i = 1, 2 (9)
Notice that redirection gates can be implemented as binary logic gates or for continuous time.
The continous implementation is used in this paper.
Retention Gates are used to control tank outflows and are controlled by using local controllers.
The benefit of using retention gates is maintaining wastewater flow at a certain point in the
sewer network, as eqs. (10) and (11) show.
qin(k) = qout(k) (10)
q
out
≤ qout(k) ≤ qout (11)
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3. Sewer network model
A nine Tank Catchment model is introduced. The augmented model will consist of eight virtual
tanks, one real tank and two waste water treatment plants, WWTP 1 and WWTP 2. It will
be referred to as the 9TC model. A schematic of the 9TC model is provided in Figure 2. The
structure of the model can be related to the Barcelona model from Martnez [9].
The recursion of the tanks’ geometric linear equations are provided in eqs. (12), (13) and (14).
T1,V 1(k + 1) = T1,V 1(k) + Ts(d1(k)− qout,1(k))
T2,V 2(k + 1) = T2,V 2(k) + Ts(u1(k) + d2(k)− qout,2(k))
T3,R(k + 1) = T3,R(k) + Ts(u2(k)− u3(k))
T4,V 3(k + 1) = T4,V 3(k) + Ts(u3(k) + d3(k) + q13(k) + q23(k)− qout,4(k))
T5,V 4(k + 1) = T5,V 4(k) + Ts(d4 − qout,5(k))
T6,V 5(k + 1) = T6,V 5(k) + Ts(u4(k) + d5(k)− qout,6(k))
T7,V 6(k + 1) = T7,V 6(k) + Ts(d6(k) + qin,6(k)− qout,7(k))
T8,V 7(k + 1) = T8,V 7(k) + Ts(d7(k) + qout,6(k)− qout,8(k))
T9,V 8(k + 1) = T9,V 8(k) + Ts(d8(k) + qout,7(k)− qout,9(k))
(12)
q13(k) = qout,1(k)− u1(k) (13)
qin,6(k) = qout,4(k) + qout,5(k)− u4(k) (14)
A state space model for the 9TC system is given by eq. (15), where the obtained 9TC model
matrices Ae, Be, Ex,e and Ce can be found in [13].
xe(k + 1) = Aexe(k) +Beue(k) +Ex,ede(k)
ye(k) = Cexe(k)
(15)
where
xe =
[
T1,V 1 T2,V 2 T3,R T4,V 3 T5,V 4 T6,V 5 T7,V 6 T8,V 7 T9,V 8
]T
ue =
[
u1 u2 u3 u4
]T
de =
[
d1 d2 d3 d4 d5 d6 d7 d8
]T (16)
Further, the system parameters can also be found in [13]. Additionally, the sampling time, Ts =
300 sec is used.
4. Simulation Results
First, the MPC setup is shortly described followed by the a number of simulation results for the
9TC model. The simulation is done both when the disturbance is know and when the disturbance
is uncertain.
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0.35
Figure 2. Schematic of the augmented sewer network model (9TC).
4.1. Model predictive control
The applied controller is a MPC (see eg [2] or [7]) with hard constraints on the inputs and input
rates. The outputs are limited using soft constraints. The cost function is a quadratic function
in the output derivations from a reference. The cost function also contain a quadratic term
penalizing control actions. The constraints are formulated as linear inequalities. The numerical
values of the boundary limits of the model (i.e. system volume levels, outputs, control signals,
flow rates and pipes) are given in Table 1 through Table 5, respectively.
The linear inequality constraint equations for control signal u1, u2, u3 and u4 becomes:
umin,1 ≤ qout,1(k)− q13 ≤ u1(k) ≤ qout,1(k)− q13 ≤ umax,1
umin,2 ≤ qout,2(k)− q23 ≤ u2(k) ≤ qout,2(k)− q23 ≤ umax,2
umin,3 ≤ u3(k) ≤ qout,3(k) ≤ umax,3
umin,4 ≤ qout,5(k) + qout,6(k)− qin,6 ≤ u4(k) ≤ qout,5(k) + qout,6(k)− qin,6 ≤ umax,4
(17)
4.2. Results
The 9TC model is simulated for different intensity of rainfalls, using normal ISOC (input, input
rate and soft output constrained ) MPC as control strategy. Pulse signals imitating moderate,
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z [m3] zmin zmax
z1 0 19,718
z2 0 24,138
z3 0 40,000
z4 0 20,000
z5 0 61,538
z6 0 31,111
z7 0 27,778
z8 0 80,000
z9 0 90,000
Table 1. Numerical values of output
constraints.
qout [m3/sec] qout,min qout,max
qout,1 0 14
qout,2 0 14
qout,3 0 8
qout,4 0 20
qout,5 0 8
qout,6 0 14
qout,7 0 15
qout,8 0 28
qout,9 0 45
Table 2. Numerical values of pipes outflow
constraints.
u [m3/sec] umin umax
u1 0 12
u2 0 14
u3 0 8
u4 0 14
Table 3. Numerical values of input
constraints on control signals in u.
∆u [m3/sec] ∆umin ∆umax
∆u1 -6 6
∆u2 -6 6
∆u3 -5 5
∆u4 -10 10
Table 4. Numerical values of input rate
constraints on control signal rates, ∆u.
q [m3/sec] q q
q13 0 5
q23 0 8
qin,6 0 15
qwwtp,1 0 7.5
qwwtp,2 0 9
Table 5. Numerical values of constraints for pipes.
heavy and violent rainfall episodes are simulated for separate simulations for rain areas d1, d2,
d5, d6 and d8, for different time intervals, while no rain occurs for other rainfall areas. The
simulation time for all closed-loop simulations is 20 hours (1,200 minutes) and time intervals of
pulse signals and corresponding magnitudes, are listed in Table 6. Further, the time intervals
for simulations are chosen so that overflow situations are avoided in order to analyze the system
responses, and controller performance.
Additionally, the system responses from simulations are shown in Figures 3, 4 and 5, where
corresponding signals from all three simulations are plotted together in each figure.
A resemblance of the system responses from the three simulations are noticed, as the rainfall
intensities rises. From Figure 4 it is seen that in the time intervals where the external inflows
d5, d6 and d8 to tanks T6,V 5, T7,V 6 and T9,V 8, are active, corresponding tanks’ volume levels
start to rise. The advantage of including a real tank in a sewer network, is lowering the chances
of overflow situations, and maximizing the WWTP capacity. The controller responds to the
disturbance by increasing the inflow, u2, to the real tank, T3,R, while the outflow, u3, from the
real tank is decreased, as further observed in Figure 5. Therefore, the volume level in the real
13th European Workshop on Advanced Control and Diagnosis (ACD 2016)                                     IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 783 (2017) 012026          doi:10.1088/1742-6596/783/1/012026
7
Dist. Time int. [min] Moderate [m3/sec] Heavy [m3/sec] Violent [m3/sec]
d1 445 ≤ t ≤ 545 0.6741 2.6965 5.3929
d2 395 ≤ t ≤ 495 0.3434 1.3739 2.7478
d5 295 ≤ t ≤ 345 1.0206 4.0824 8.1649
d6 195 ≤ t ≤ 245 1.9280 7.7119 15.424
d8 95 ≤ t ≤ 145 3.9856 15.942 31.884
Table 6. Time intervals for disturbance signals and numerical values of magnitudes for moderate,
heavy and violent rainfalls.
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Figure 3. Volume in the tanks T1,V 1, T2,V 2 and T3,R (left) and the volume in the tanks T4,V 3,
T5,V 4 and T6,V 5 (right).
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Figure 4. Volume in the tanks T7,V 6, T8,V 7 and T9,V 8 (left) and the total flow to WWTP, qwwtp,
and sea, qsea accumulated volumes (right).
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tank starts to rise, as seen in Figure 3. Notice as well, that the volume level in tank, T4,V 3, starts
to decrease around minute 180, and control signal, u4, to increase, thus increasing wastewater
flow directed towards treatment plant WWTP 1.
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Figure 5. Control signals, u1 and u2, the 9TC system (left) and the control signals, u3 and u4,
the 9TC system (right).
Furthermore, when system behavior is evaluated for the time intervals where the external inflows,
d1 and d2, are active, it can be seen from Figure 3, that the volume levels rises within the time
intervals for the corresponding tanks. It is as well noticed around minute 500, that the volume
level in the real tank, T3,R, decreases while slightly increasing in tank, T4,V 3, to counter for
the disturbances entering the system, seen in Figure 3. The volume level in the real tank then
increases again around minute 600, and when the rainfall episodes have passed, the tanks and
pipes settle slowly to their steady state values.
Moderate [m3] Heavy [m3] Violent [m3]
Total Inflow 605,293 693,174 810,348
Sea area 1 0 0 0
Sea area 2 0 17,578 64,144
Sea total 0 17,578 64,144
WWTP 1 295,118 315,518 334,519
WWTP 2 309,412 358,151 408,742
WWTP total 604,530 673,669 743,261
Table 7. Total volume of inflow, and total volume directed to WWTPs and sea.
In Figure 4, the accumulated volume of wastewater that is treated and directed to sea, is
compared. For the moderate rain episode, no change is noticed in the graph, where approximately
99% of the wastewater is treated, as seen from the numerical data presented in Tables 7 and
8. Thus, the system performance is considered sufficient, where the result is based on a known
disturbance.
Further, for the heavy rain episode, it is clear from Figure 4, that the weir overflow device at the
second terminal of the sewer network, is overflowing and wastewater is contaminating the sea.
This is considered a small quantity (since the volume of wastewater is only about 2.5% of the
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Moderate [%] Heavy [%] Violent [%]
Sea area 1 0 0 0
Sea area 2 0 2.54 7.92
Sea total 0 2.54 7.92
WWTP 1 48.76 45.52 41.28
WWTP 2 51.12 51.67 50.44
WWTP total 99.87 97.19 91.72
Table 8. The difference between corresponding volume parameter, and the difference of the
total inflow and overflow volume.
total inflow) and compared to the treated water (which is approximately 97%), the same can be
concluded for the system performance during heavy rain.
For the violent rain episode, an even larger volume change is noticed for the quantity of
wastewater that flows to sea (only around 8% of the total inflow). Notice, if the difference in total
volume directed to sea are compared between simulations of heavy and violent rain episodes, it
is approximately 5.5%, since there is a large difference between corresponding magnitudes of
disturbances rain consequently resulting in a large difference in total inflows, as seen in Table 6.
When taking these factors into consideration, the increase in contaminated water flowing to the
sea, is not considered serious since the quantity of treated wastewater is around 92%, as seen in
Table 8.
Subsequently, the distribution of wastewater directed to the two treatment plants, WWTP 1
and WWTP 2, is shown in Table 7. The wastewater flowing to the two treatment plants seems
to be distributed equally between them. Notice that WWTP 2 receives more wastewater than
WWTP 1, as its capacity of treating contaminated water is larger. This behavior is produced
by the weighting chosen for the system and can be adjusted further.
As a overall conclusion for the simulations, no abnormal behavior was observed from the closed-
loop system responses from simulations. The tanks signals responded to the external inflows, de,
then as rainfall episodes have ended the tank signals settle slowly to their steady state values.
4.3. Uncertainty Analysis of Disturbance
Now, simulation are shown for uncertain disturbances. For simulations, actual and estimated
disturbances entering the system are simulated as pulse signals, and the 9TC system evaluated
for the simulation cases described in Table 9. System responses of tank volume signals from
simulations are presented, along with plots of the total accumulated volume directed toWWTPs
and that received by the sea (qsea). Further, the total quantity of external inflow to the 9TC
system, simulated for the actual and estimated disturbances, are close to being equal (with a
very small difference of approximately 0.0025% between the actual and estimated disturbances).
Cases / Type of rain Controller Process
9TCa Estimated Actual rain
9TCb Estimated Estimated
9TCc Actual Actual
Table 9. Simulations are distinguished by denoted cases: 9TCa, 9TCb and 9TCc.
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Figure 6. Volume in the tanks T1,V 1, T2,V 2 and T3,R (left) and the volume in the tanks T4,V 3,
T5,V 4 and T6,V 5 (right).
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Figure 7. Volume in the tanks T7,V 6, T8,V 7 and T9,V 8 (left) and the total flow to WWTP, qwwtp,
and sea, qsea accumulated volumes (right).
When tank volume signals from Figure 7, are evaluated, only small differences are noticed between
simulation cases (9TCa, 9TCb and 9TCc). A considerable difference between volume signal of
tank, T2,V 2, of case 9TCc compared to cases 9TCa and 9TCb, is noticed in Figure 6. This
behavior is due to the difference between the actual and estimated rain. Whereas the actual rain
enters the system for shorter periods but with larger intensities, while the estimated rain enters
the system for longer periods but with smaller intensities.
If the system performance in treating wastewater and minimizing that received by the sea, then
differences in performances can be compared by using Figure 7, and the numerical data from
simulation, seen in Table 10. It is noticed when simulating case 9TCb, better performance in
minimizing overflow to the sea is achieved, compared to cases 9TCa and 9TCc. Similar can be
concluded for the performance in treating wastewater (WWTP total), when cases are compared.
The total differences of treated wastewater is similar between cases 9TCa and 9TCc, and slightly
better performance observed from case 9TCb.
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9TCa [%] 9TCb [%] 9TCc [%]
Sea area 1 2.11 1.50 2.01
Sea area 2 1.63 0.82 1.55
Sea total 3.74 2.32 3.56
WWTP 1 46.55 47.17 46.65
WWTP 2 49.50 50.31 49.59
WWTP total 96.06 97.48 96.24
Table 10. The difference between corresponding volume parameter, and the difference of the
total inflow and overflow volume.
5. Conclusion
The Barcelona benchmark model for a sewer network has been considered in this paper. The
sewer network has been controlled by using MPC, where it is possible to handle system constraints
as well as to include prediction in the control optimization. It is shown by simulations, that using
MPC, that it is possible to control the waste water with respect to minimizing flooding in the
stress as well as minimizing the flow waste water directly to the sea. The simulations shows
clearly that the prediction of the inflow from rainfall is important to optimize the control of the
sewer network. The MPC methodology allow to use the capacity in the network to minimize
the flooding as well as minimizing the flow of waste water directly to the sea. In this case, the
MPC methodology of controlling a sewer network, showed sufficient results and can be used for
ongoing study of sewer networks.
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